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SUMMARY
In reticulocyte lysates maize rayado fino virus RNA directed the synthesis of a large number of polypeptides ranging in Mr from 15000 to 165000. Partial proteolysis showed that many of the larger polypeptides contained the same peptides. When tRNA was added to the lysate proportionally more of the large Mr products were produced. No polypeptides were detected that comigrated with coat proteins and no coat protein was detected in translation products by ELISA or by immunoprecipitation. We found little evidence of polyprotein degradation among the translation products and no evidence for encapsidated subgenomic mRNAs for the capsid polypeptides.
Maize rayado fino virus (MRFV) has small isometric particles (Gfimez, 1980) which consist of a single-stranded RNA genome with an Mr of approximately 2 × 106 and two distinct capsid proteins with Mr of 22000 (22K) and 28K found in an unequal molar ratio (Le6n & Gfimez, 1981 ; Gingery et al., 1982; Gfimez & Le6n, 1985; Falk & Tsai, 1986) . MRFV multiplies in its host plant (Zea mays L.) and in its insect vector (Dalbulus maidis Delong & Wolcott) on which it is totally dependent for transmission (Rivera & G~mez, 1986) . On the basis of immunological cross-reactivity, oat blue dwarf virus from North America and bermudagrass etch-line virus from Africa (Lockhart et al., 1985) now constitute with MRFV a new group of plant viruses (Lockhart et al., 1985; Gfimez & Le6n, 1985 . The strategy utilized by MRFV for the expression of its genome is unknown. In this study we have examined the translation products of MRFV RNA in an attempt to identify these strategies.
MRFV was isolated from infected leaves as described by Le6n & G~.mez (1981) . Fractions of sucrose gradients that contained bottom component, which is the infective component (G~imez, 1980) , were diluted fourfold with 0-05 M-phosphate buffer pH 7.2, NaC1 was added to 0-3 M and the fractions were made 8 ~o in polyethylene glycol. RNA was extracted from a solution of the pelleted particles in 0-05 M-Tris, 1 mM-EDTA, 0.05 M-boric acid pH 8.3 by treatment with phenol, washing with ether and precipitation from 709/oo ethanol (Ramirez et al., 1987) .
Prior to electrophoresis in 1 ~ agarose gels, RNA was denatured by formaldehyde-formamide treatment (Maniatis et al., 1982) . Gels were stained with 0.059/00 toluidine blue (in 10 mM-sodium acetate, 1 mM-magnesium acetate, pH 5.5) and destained with distilled water.
In vitro translation of RNA was in reticulocyte lysates made dependent on exogenous mRNA (Pelham & Jackson, 1976) . A mixture of 15 tritiated amino acids (ICN Chemical and Radioisotope Division) was used in each reaction (12 ~tCi per reaction, sp. act. 196 mCi/mg), in 40 mM-HEPES pH 7.4, 1.28 mM-ATP, 0-32 mM-GTP, 0-16 mM unlabelled amino acids (Thr, Met, Cys, Asn and Gin), 0-44 mM-spermidine, 0.16 mM-glucose, 12 mM-creatine phosphate, and 8.6 units of creatine phosphokinase. Total reaction volumes of 100 p.1 were incubated at 30 °C for 45 rain. The optimum concentrations for amino acid incorporation of magnesium, potassium and RNA were 4 mM, 80 mM and 100 lag/ml, respectively (Espinoza, 1983) .
1" Present address: John Innes Institute, Colney Lane, Norwich NR4 7UH, U.K. Translation products were analysed by S D S -P A G E (Laemmli, 1970) , with 4~o stacking gels and 12.5 ~ or 15.0 % resolving gels. For the two-dimensional analysis, a slice of a 12-5 ~o gel was placed on top of a 4~o stacking gel over a 15~o resolving gel, overlaid with protease (Bordier & Crettol-Jarvinen, 1979) . Digestions were done in the stacking gels for 30 min as described by Cleveland et al. (1977) . After fixing and staining, the gels were fluorographed (Bonnet & Laskey, 1974) , applied directly to X-ray film (Kodak X-omatic), and stored at -7 0 °C for 2 to 3 weeks. The Mr of the translation products were determined using ferritin half-unit (220K), bovine serum albumin (66K), catalase (60K), lactate dehydrogenase (36K) and ferritin monomer (18-5K) as standards.
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R N A from MRFV bottom component migrated as a single band in denaturing agarose gels. It had an estimated Mr of 2.1 x 106 ( Fig. 1) and migrated slightly slower than tobacco mosaic virus (TMV) RNA. R N A s from bean rugose mosaic comovirus with Mr 1.4 x 106 and 2.1 x 106 (Ramirez et al., 1987) were also used as standards. Gels were stained with toluidine blue.
MRFV genomic R N A strongly stimulates incorporation of tritiated amino acids into acidprecipitable polypeptides (Espinoza, 1983) . Fluorographic analysis of a reaction time course (Fig. 2) revealed a proportional increase in the amount of polypeptides of Mr ranging from 15K to 165K in reactions unsupplemented with amino acids or tRNAs. In two-dimensional gels, in which the polypeptides in the second dimension were cleaved with either chymotrypsin (Fig. 3) , V8 protease or trypsin (data not shown), all the radioactive bands observed in the first dimension, presented common peptides in the second. Fig. 3 shows the chymotrypsin peptide pattern of a reaction unsupplemented with amino acids or tRNA. When tRNA was supplied in the translation reaction (10 ~tg/reaction, Bethesda Research Laboratories), the large polypeptides were more abundantly synthesized (Fig. 4a) , lanes 1 and 2). We tested the effects of adding dithiothreitol (DTT, 5 mM) and the protease inhibitor PMSF (5 mm) on the size of the polypeptides produced. Syntheses were stopped with emetine (final concentration 0-2 mM, Sigma) and then PMSF or DTT was added and the mixture was kept at 30 °C for 2 h before etectrophoresis and fluorography. No striking changes with respect to untreated controls were observed (Fig, 4b) , although the presence of DTT noticeably favoured the accumulation of the I lOK band (Fig. 4b, lane 1) .
Pretreatment of the lysate with RNasin (Promega Biotec, Madison, Wis., U.S.A.), an RNase inhibitor, for 10 min with 1500 units/ml at 4 °C before adding the RNA or treatment of the RNA at 55 °C for 15 min had little effect on the polypeptide pattern (Fig. 4a) , although unheated RNA in untreated lysates produced lower levels of all polypeptides (Fig. 4, lane 6) .
Addition of the amino acid analogues S-2-aminoethyl-L-cysteine, L-canavanine andp-fluoroDz-phenylalanine (Sigma) to 1 mM to translation mixtures either individually or in combinations did little to change the pattern of polypeptides made.
Immunoprecipitation of reaction mixtures was with Staphylococcus aureus serotype Cowan I (SAC) (Kessler, 1975) , as modified by Dougherty & Hiebert (1980) and for ELISA tests we followed the procedures of Rivera & Gfimez (1986) .
Repeated attempts have failed to immunoprecipitate labelled products using either serum or purified IgG of high specific reactivity with native and denatured forms of the two coat proteins (Ramirez et al., 1983) . Radioactivity immunoprecipitated with SAC or with Protein A Sepharose was not reduced by the presence of exogenous unlabelled capsid proteins, did not produce bands in fluorographs and had similar levels of radioactivity as controls treated with preimmune IgG. In ELISA determinations the translation reactions gave low absorbance values similar to reticulocyte controls, under conditions where less than 1 ng/ml of coat proteins is easily detected (Rivera & Gfimez, 1986) . The detection limit (twice background) for virus particles in lysates diluted 1/20 and 1/200 was 2 ng/ml. Minor amounts of M R F V capsid proteins were previously detected by ELISA (Espinoza, 1983) using an R N A from bottom component, that was found by electrophoresis in agarose gels to be degraded. With purified preparations enriched with intact molecules (Fig. 1) we found no evidence for the synthesis of the two capsid proteins and we presume that in our earlier translations the R N A was either contaminated with viral antigens, or that coat protein was translated from internal initiation sites exposed in fragmented R N A . Because t R N A supplementation increased the yield of large polypeptides and many of the polypeptides shared common peptides, it is likely that translation initiates at a single Y-terminal site and that most peptides result from premature termination perhaps arising when the aminoacylated tRNA pool becomes depleted. Similarly, Wilson & Glover (1983) found that in the reticulocyte lysate, many polypeptide translation products of TMV RNA were produced by premature termination of translation at a constant frequency at regular sites.
Using the same batches of IgG and viral RNA that we used in our experiments, E. Hiebert (University of Florida, personal communication) has obtained similar results using [35S]methionine to label the reaction products. In well supplemented reticulocytes, two large polypeptides predominated which correspond to our 110K and 165K products, and no radioactivity could be immunoprecipitated specifically.
Many plant viruses have genomes that consist of a positive-stranded RNA, expressed in vitro from a single 5'-terminal initiator site (Davies & Hull, 1982; Joshi & Haenni, 1984; Dougherty & Hiebert, 1985) . Subgenomic sequences are used in vivo to synthesize the capsid polypeptides, formally dividing the viral life cycle into an early polymerase-synthesis stage, a middle replicative stage and a late coat protein synthesis and assembly stage. Our results suggest that MRFV resembles these viruses although unlike some, such as turnip yellow mosaic virus (Joshi & Haenni, 1984) , the putative subgenomic RNA for MRFV coat proteins is not encapsidated.
